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LQVWHDGLVFORVHO\UHODWHGWRWKHHYHQWWKDWFDXVHGLWWKHVWUXFWXUHFDQEHGDPDJHGDVDUHVXOWRIDQH[FHSWLRQDOHYHQW
EXWGDPDJHPXVWEHSURSRUWLRQDOWRWKHFDXVHWKDWSURGXFHGLW
,QRUGHUWRSUHYHQWWKHSURJUHVVLYHFROODSVHFDQEHDGRSWHGGLIIHUHQWVWUDWHJLHVRQHRIWKHPRVWXVHGLVWKHWLHIRUFH
PHWKRGZKLFKH[SORLWVWKHWLHEHKDYLRXURIWKHEHDPVLQSUHVHQFHRIODUJHGLVSODFHPHQWV
%HORZZLOOEHQXPHULFDOO\UHSURGXFHGDORDGWHVWRQDEHDPFROXPQDVVHPEO\DQGZLOOEHDQDO\VHGWKHVWUXFWXUDO
EHKDYLRXULQSUHVHQFHRIGLIIHUHQWORDGVDSSOLHG
7HVWGHVFULSWLRQ
7KHIXOOVFDOHVSHFLPHQXVHGLVDEHDPFROXPQDVVHPEO\SDUWRIDQ,QWHUPHGLDWH0RPHQW)UDPH,0)RIDWHQ
VWRU\SURWRW\SHUHLQIRUFHGFRQFUHWHEXLOGLQJIRURIILFHRFFXSDQF\SUHVHQWHGE\>@
$OOEHDPVDQGFROXPQVZHUHGHVLJQHGZLWKFRQFUHWHKDYLQJDQRPLQDOFRPSUHVVLYHVWUHQJWKRIVWUHQJWKRI
03D7DEOHVDQGVKRZWKHDYHUDJHFRPSUHVVLYHDQGWHQVLOHVWUHQJWKVRIFRQFUHWHDQGWKHPHFKDQLFDOSURSHUWLHVRI
UHLQIRUFLQJEDUVXVHGIRUWKHWHVW$VVKRZQLQ)LJDOOEHDPORQJLWXGLQDOEDUVZHUHDQFKRUHGDWWKHH[WHULRUEHDP
FROXPQMRLQWVE\PHDQVRIPHFKDQLFDODQFKRUDJHWRVLPXODWHFRQWLQXLW\RIWKHORQJLWXGLQDOEDUVLQWKHUHDOIUDPH7KH
IRRWLQJVIRUWKHHQGFROXPQVZHUHGHVLJQHGWRVLPXODWHWZRIXOO\UHVWUDLQHGMRLQWV7KHWRSRIWKHHQGFROXPQVZDV
UHVWUDLQHGIURPKRUL]RQWDOPRYHPHQWE\DWZRUROOHUIL[WXUHZKLOHWKHRWKHUGHJUHHVRIIUHHGRPZHUHDOORZHG7R
DSSO\ WKH ORDG WR WKH FHQWUH FROXPQZHUHXVHG IRXUN1K\GUDXOLF MDFNVSODFHGEHORZ WKH VWURQJ IORRURI WKH
ODERUDWRU\ WKH ORDGZDV WUDQVIHUUHG WR WKHVSHFLPHQXVLQJIRXUSRVWWHQVLRQLQJURGVDQFKRUHG WRDVWHHOSODWH WKDW
WUDQVIHUUHG WKH ORDG DW WKH WRS RI WKH FROXPQ 7KH WHVW ZDV SHUIRUPHG XQGHU GLVSODFHPHQW FRQWURO DW D UDWH RI
DSSUR[LPDWHO\PPPLQ
7KHXVHRIIRXUGLIIHUHQWK\GUDXOLFMDFNVWRDSSO\WKHORDGHQDEOHGFRQWURORIDQ\SRVVLEOHLQSODQHURWDWLRQRIWKH
FHQWUHFROXPQLQWKHDGYDQFHGVWDJHVRIORDGLQJZKLOHRXWRISODQHPRYHPHQWRIWKHDVVHPEO\ZDVUHVWUDLQHGE\IRXU
VWHHOFKDQQHOVIL[HGWRWKHIORRU)XUWKHUPRUHSXOOLQJGRZQWKHEHDPZLWKMDFNVUDWKHUWKDQSXVKLQJLWIURPDVXSSRUW
DERYHPLQLPL]HGWKHWHQGHQF\IRUODWHUDOPRYHPHQWRIWKHEHDP
7DEOH$YHUDJHFRPSUHVVLYHDQGWHQVLOHVWUHQJWKRIWKHFRQFUHWH
&RPSUHVVLYH6WUHQJWKIF¶>03D@ 6SOLW&\OLQGHU7HQVLOH6WUHQJWKIW¶>03D@
)RRWLQJV %HDPVDQG&ROXPQV %HDPVDQG&ROXPQV
  
7DEOH0HFKDQLFDOSURSHUWLHVRIWKHUHLQIRUFLQJEDUV
+HDW %DU6L]H 'LDPHWHU>PP@ <LHOG6WUHQJWKI\>03D@ 8OWLPDWH6WUHQJWKIX>03D@ 5XSWXUH6WUDLQ>@
$     
%     
&     
'     
)LQLWHHOHPHQWPRGHOVHYDOXDWLRQ
,QDSUHYLRXVZRUN>@WKHDXWKRUVXVHGWZRGLIIHUHQWILQLWHHOHPHQWVRIWZDUHZLWKGLVWLQFWOHYHOVRIPRGHOOLQJLQ
RUGHUWRFRPSDUHWKHQXPHULFDOUHVXOWVZLWKWKHH[SHULPHQWDORQHVDQGWRHYDOXDWHWKHLUUHOLDELOLW\6HLVPR6WUXFW>@
DQG$7(1$'>@%HORZLVDEULHIGHVFULSWLRQRIWKHPRGHOVDQGWKHREWDLQHGUHVXOWVDPRUHGHWDLOHGGLVFXVVLRQ
FDQEHIRXQGLQWRWKHDUWLFOHPHQWLRQHGDERYH,Q6HLVPR6WUXFWPRGHOEHDPHOHPHQWVW\SH³LQIUP)%´ZHUHXVHG
ZLWKDIRUPXODWLRQEDVHGRQWKHIRUFHVDEOHWRPRGHODIUDPHWDNLQJLQWRDFFRXQWERWKWKHJHRPHWULFQRQOLQHDULW\DQG
WKHPDWHULDOLQHODVWLFLW\7KHHOHPHQWEHKDYLRXUZDVREWDLQHGE\WKHLQWHJUDWLRQRIWKHXQLD[LDOQRQOLQHDUUHVSRQVHRI
WKHLQGLYLGXDOILEHUVZKLFKWKHVHFWLRQKDVEHHQGLYLGHG7ZRGLIIHUHQWFRQFUHWHPRGHOVZHUHFRQVLGHUHGWKHILUVWRQH
ZDVGHILQHGE\>@WKHVHFRQGRQHZDVWKHFRQFUHWHFRPSOHWHPRGHOSURSRVHGE\&KDQJDQG0DQGHU>@IRUHDFK
PRGHO GLIIHUHQW OHYHOV RI FRQILQHPHQW HIIHFWZHUH GHILQHG LQ RUGHU WR VKRZ WKH GLIIHUHQFH LQ WHUPV RI VWUXFWXUDO
UHVSRQVH
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,Q$7(1$' WKHPDWKHPDWLFDOPRGHOZDV UHDOL]HGXVLQJSODQHVWUHVV ILQLWHHOHPHQWVZLWK OLQHDUSRO\QRPLDO
LQWHUSRODWLRQDQG[*DXVVSRLQW¶VLQWHJUDWLRQVFKHPH



)LJ%HDPFROXPQDVVHPEO\H[SHULPHQWDOPRGHO

7KHPDWHULDOPRGHOXVHGWRWDNHLQWRDFFRXQWWKHQRQOLQHDUEHKDYLRXURIFRQFUHWHZDVWKH6%(7$PRGHOZKLFK
DOORZVWRFRQVLGHUWKHFRQFUHWHPHFKDQLFDOQRQOLQHDUEHKDYLRXULQFRPSUHVVLRQWKHFRQFUHWHFUDFNLQJXQGHUWHQVLOH
VWUHVVHVEDVHGRQQRQOLQHDUIUDFWXUHPHFKDQLF WKHFRQFUHWHFRPSUHVVLYHVWUHQJWKUHGXFWLRQDQGWKHVKHDUVWLIIQHVV
UHGXFWLRQGXHWRFUDFNLQJDQGWKHWHQVLRQVWLIIHQLQJHIIHFW7KHIDLOXUHFULWHULDIRUDELD[LDOVWUHVVFRQGLWLRQDGRSWHG
E\WKH6%(7$PRGHOZDVWKHRQHSURSRVHGE\.XSIHUDQG*HUVWOH>@
$ERXWWKHFRPSUHVVLYHEHKDYLRXUWKH6%(7$PRGHOVKRZVDQRQOLQHDUODZVLQFHWKHUHDFKLQJRIHIIHFWLYHSHDN
VWUHQJWKIF¶HIDFFRUGLQJWRWKHUHODWLRQVKLSVSURYLGHGE\0RGHO&RGH>@ZKLOHWKHSRVWSHDNEHKDYLRXUZDV
PRGHOOHGZLWKDOLQHDUWHQVLRQVRIWHQLQJODZFKDUDFWHUL]HGE\DVRIWHQLQJPRGXOXV(GFDOFXODWHGOLNHDSHUFHQWDJHRI
WKH WDQJHQW HODVWLFPRGXOXV( 7KUHH GLIIHUHQW YDOXHV RI (GZHUH DGRSWHG LQ RUGHU WR HYDOXDWH WKH HIIHFW RI WKLV
SDUDPHWHU RQ WKH VWUXFWXUDO EHKDYLRXU 7KH WHQVLOH EHKDYLRXU ZDV PRGHOOHG ZLWK D OLQHDU HODVWLF ODZ VLQFH WKH
DFKLHYHPHQWRIWKHWHQVLOHVWUHQJWKIW¶HIREWDLQHGLQDFFRUGLQJZLWKWKHELD[LDOIDLOXUHGRPDLQ$IWHUFUDFNLQJDOLQHDU
WHQVLRQVRIWHQLQJEHKDYLRXUZDVGHILQHG,QWKLVZD\FRQFUHWHSUHVHQWHGDVLPSOHHODVWLFEULWWOHFRQVWLWXWLYHODZXQGHU
WHQVLOHVWUHVVHV7KLVFKRLFHZDVPDGHDIWHUDVRIWZDUHFDOLEUDWLRQSURFHGXUHWKDWKDVVKRZQKRZWKLVSDUDPHWHUKDV
QRWLQIOXHQFHRQWKHUHVSRQVHRIWKHVWUXFWXUH
6WHHOUHLQIRUFHPHQWVZHUHPRGHOOHGXVLQJWKHHOHPHQW³5HLQIRUFHPHQW´PHFKDQLFDOEHKDYLRXUXQGHUFRPSUHVVLYH
DQGWHQVLOHVWUHVVHVZDVPRGHOOHGZLWKDQHODVWLFSODVWLFODZZLWKKDUGHQLQJ
,Q)LJVDGDUHVXPPDUL]HGWKHUHVXOWVREWDLQHGZLWKWKHGLIIHUHQWILQLWHHOHPHQWPRGHOVZKLFKDUHFRPSDUHG
ZLWKWKHH[SHULPHQWDORQHV7KHEHKDYLRXURIWKHVWUXFWXUHZDVHYDOXDWHFRQVLGHULQJWKHIROORZLQJSDUDPHWHUV
x 7KHDSSOLHGIRUFHRQWKHVWUXFWXUH
x 7KHYHUWLFDOGLVSODFHPHQWRIWKHFHQWUHFROXPQ3RLQW3VKRZQLQ)LJ
x 7KHKRUL]RQWDOGLVSODFHPHQWRIWKHOHIWHQGRIWKHEHDP3RLQW3VKRZQLQ)LJ
6HLVPR6WUXFWPRGHOVGLIIHURQHIURPHDFKRWKHUIRUWKHFRQFUHWHFRQVWLWXWLYHODZDQGIRUWKHFRQFUHWHFRQILQHPHQW
OHYHOFRQVLGHUHGZKLOH$7(1$'PRGHOVGLIIHUIRUWKHFRPSUHVVLYHSRVWSHDNEHKDYLRXU$IWHUWKLVVWDJHDFFRUGLQJ
WRWKHUHVXOWVIRXQGE\%HUWDJQROLHWDO>@WKHVRIWZDUH6HLVPR6WUXFWZDVFKRVHQWRVWXG\WKHEHDPFROXPQFRQFUHWH
DVVHPEO\EHKDYLRXUWDNLQJLQWRDFFRXQWWKHSUHVHQFHRIDGLVWULEXWHGORDGRQWKHEHDPVLQRUGHUWRVLPXODWHWKHDFWXDO
ZRUNLQJFRQGLWLRQVRIWKHVWUXFWXUH
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)LJD3YHUWLFDOGLVSO±$SSOLHGIRUFH6HLVPR6WUXFW )LJE3YHUWLFDOGLVSO±$SSOLHGIRUFH$7(1$'
)LJF3YHUWLFDOGLVSO3KRUL]RQWDOGLVSO6HLVPR6WUXFW )LJG3YHUWLFDOGLVSO3KRUL]RQWDOGLVSO$7(1$'
6HLVPRVWUXFWQXPHULFDOPRGHOUHVXOWV
,QRUGHUWRHYDOXDWHWKHUROHRIWKHORDGDSSOLHGDWWKHFROXPQUHPRYDOWKHUHVXOWVRIIRXUGLIIHUHQWGLVWULEXWHGORDG
OHYHOVKDYHEHHQUHSRUWHG
x &DVH$QRGLVWULEXWHGORDGDSSOLHGRQWKHIUDPH
x &DVH%GLVWULEXWHGORDGDSSOLHGRQWKHIUDPHHTXDOWRN1P
x &DVH&GLVWULEXWHGORDGDSSOLHGZLWKDFRHIILFLHQWRIUHVSHFWWRFDVH%
x &DVH'GLVWULEXWHGORDGDSSOLHGZLWKDFRHIILFLHQWRIUHVSHFWWRFDVH%
,QRUGHUWRFRPSDUHWKHREWDLQHGUHVXOWVJUDSKVUHSRUWHGLQWKHIROORZLQJZHUHFRUUHFWHGE\UHPRYLQJWKHHIIHFWV
RQWKHVWUXFWXUHDWWKHLQLWLDOWLPHGXHWRWKHSHUWLQHQWORDGFRPELQDWLRQ)URPDJHQHUDOSRLQWRIYLHZWKHVWUXFWXUDO
EHKDYLRXUFDQEHGLYLGHGLQWRWKUHHGLIIHUHQWSKDVHVDVVKRZQLQ)LJVDE
,QWKHILUVWSKDVHXQWLOUHDFKLQJWKHIOH[XUDOSHDNWKHVWUXFWXUDOEHKDYLRXUFDQEHFRQVLGHUHGHODVWLFZLWKDQHJDWLYH
YDULDWLRQRIWKHKRUL]RQWDOGLVSODFHPHQWRISRLQW37KLVPHDQVWKDWWKHEHDPLVVXEMHFWHGWRDFRPSUHVVLYHD[LDO
IRUFHFRPSUHVVLRQLVGXHWRFUDFNLQJWKDWFDXVHVDQLQFUHDVHRIWKHEHDPOHQJWKZKLFKLVSDUWLDOO\SUHYHQWHGE\WKH
SUHVHQFHRIWKHFROXPQ$VFDQEHQRWHGLQ)LJVDEWKHYDOXHRIWKHGLVWULEXWHGORDGKDVQRWLQIOXHQFHRQWKHLQLWLDO
EHKDYLRXU6XEVHTXHQWO\LWFDQEHQRWHGWKHDULVHRI\LHOGFRQFHQWUDWHGDUHDVFORVHWRWKHFROXPQVGXHWRWKHSUHVHQFH
RIQHJDWLYHEHQGLQJPRPHQWIRUWKHODWHUDOFROXPQVDQGSRVLWLYHEHQGLQJPRPHQWIRUWKHFHQWUDORQHLQWKLVSKDVH
WKHEHKDYLRXULVYHU\VLPLODUIRUDOOWKHFDVHVH[FHSWIRUWKH&DVH'ZKLFKSUHVHQWVDELJJHUVWLIIQHVVUHGXFWLRQWKDQ
WKHRWKHUWHVWV7KHSRVWSHDNEHKDYLRXULVLQLWLDOO\FKDUDFWHUL]HGE\DVWLIIQHVVGHFUHDVHIROORZHGE\DQLQFUHDVHRI
WKHDSSOLHGIRUFHGXHWRWKHRQVHWRIWKH³WLHHIIHFW´LQWKHEHDP$OVRLQWKLVVWDJHWKHPDLQGLIIHUHQFHVDULVHLQ&DVH
'7KLVLVFRQILUPHGE\WKHKRUL]RQWDOGLVSODFHPHQWWKDWLVQHJDWLYHDQGWKXVGLUHFWHGWRZDUGVWKHRXWVLGHXQWLO
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UHDFKLQJDYHUWLFDOGLVSODFHPHQWRIDERXWPDQGWKHQEHFRPHSRVLWLYHDQGWKHUHIRUHGLUHFWHGWRZDUGVWKH
LQVLGHWRWKHRQVHWRIWKHWLHHIIHFW$QDO\VLQJWKLVSDUWFRQVLGHULQJWKHWUHQGRIWKHDSSOLHGIRUFHLWFDQEHQRWHGWKDW
IRUVXEVHTXHQWYHUWLFDOGLVSODFHPHQWVLQLWLDOO\WKHORDGGHFUHDVHVXQWLOWKHKRUL]RQWDOGLVSODFHPHQWRISRLQW3JRHV
WRDQGWKHEHDPFRPSUHVVLRQGHFUHDVHVSURJUHVVLYHO\WKHQZKHQWKHGLVSODFHPHQWEHFRPHVSRVLWLYHWKHEHDPD[LDO
IRUFHEHFRPHV WHQVLRQ DQG WKH DSSOLHG ORDG UHWXUQV WR LQFUHDVH ,Q WKLVSKDVH WKHUH LV WKH VZLWFK IURPD IOH[XUDO
EHKDYLRXU WRD WLHEHKDYLRXUXS WR WKHPD[LPXPH[SHULPHQWDOGLVSODFHPHQWRI DERXWP1XPHULFDO DQDO\VHV
KLJKOLJKWWKDWWKHJOREDOEHKDYLRXURIWKHIUDPHLVRQO\PDUJLQDOO\DIIHFWHGE\WKHHQWLW\RIORDGDSSOLHGGXULQJWKH
FROXPQUHPRYDO7KHSDUDPHWHUWKDWLVPRVWVWURQJO\LQIOXHQFHGLVWKHKRUL]RQWDOGLVSODFHPHQWRIWKHHQGFROXPQV
WKHHQWLW\RIWKLVGLVSODFHPHQWLQIDFWLQFUHDVHZLWKWKHLQFUHDVLQJRIWKHORDGDSSOLHG)XUWKHUPRUHIRUKLJKORDGLQJ
OHYHOVWKHV\VWHPVKRZHGDVWLIIQHVVUHGXFWLRQLQSDUWLFXODULQWKHSRVWSHDNSKDVHZKHQ\LHOGFRQFHQWUDWHGDUHDVDQG
LQWKHQH[WSKDVHZKHQWKHIOH[XUDOEHKDYLRXUVZLWFKLQWRDWLHEHKDYLRXU
)LJD3YHUWLFDOGLVSO±$SSOLHGIRUFH )LJE3YHUWLFDOGLVSO3KRUL]RQWDOGLVSO
&RQFOXVLRQV
7KHDLPRIWKLVVWXG\ZDVWRQXPHULFDOO\HYDOXDWHWKHEHKDYLRXURIDUHLQIRUFHGFRQFUHWHEHDPFROXPQV\VWHP
VXEMHFWHG WR DQ LQFUHDVLQJ YHUWLFDO GLVSODFHPHQW RI WKH FHQWUH FROXPQ WR VLPXODWH D FROXPQ UHPRYDO VFHQDULR LQ
SUHVHQFHRIGLIIHUHQWYDOXHVRIWKHGLVWULEXWHGORDGDSSOLHG1XPHULFDODQDO\VHVZHUHFDUULHGRXWE\XVLQJILEUHIUDPH
HOHPHQWV WKH FDOLEUDWLRQ RI WKHVH HOHPHQWV ZDV SHUIRUPHG LQ D SUHFHGHQW ZRUN )RXU GLIIHUHQW ORDG FDVHV ZHUH
FRQVLGHUHGLQRUGHUWRHYDOXDWHWKHUROHRIWKHORDGDSSOLHGDWWKHFROXPQUHPRYDO7KHVWXG\KLJKOLJKWVWKDWWKHJOREDO
EHKDYLRXURIWKHIUDPHLVRQO\PDUJLQDOO\DIIHFWHGE\WKHHQWLW\RIWKHORDGDSSOLHGEXWIRUKLJKORDGLQJOHYHOVWKH
V\VWHPVKRZVDVWLIIQHVVUHGXFWLRQHVSHFLDOO\DIWHUWKHDULVHRIWKH\LHOGFRQFHQWUDWHGDUHDVQHDUWKHFROXPQVDQGDQ
LQFUHDVHRIWKHHQGFROXPQVGLVSODFHPHQW
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